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ABSTRACT 
 
During the 2016 and 2017 breeding seasons, a total of 462 producer-owned 
ewes were presented at the Iowa State University large animal hospital for 
laparoscopic artificial insemination (LAI). A retrospective analysis was performed 
using these clinical data to investigate factors that potentially influence the success of 
LAI. Because not all producers provided pregnancy data, only 310 ewes were used for 
the final analysis. One hundred eighty-eight of 310 ewes (60.6%) became pregnant 
following LAI, and pregnancy rate was affected (P<0.001) by year. Uterine tone at the 
time of LAI had no effect (P>0.23) on pregnancy rate. Semen having a post-thaw 
motility rate of less than 50% produced a lower (P=0.0314) pregnancy rate (29.4%) 
than semen with post-thaw motility above 65% (pregnancy rate of 60.5%); post-thaw 
motility between 50-65% was intermediate (pregnancy rate of 54.1%). In one year, 
there was a tendency (P<0.10) for higher pregnancy rates in ewes whose estrus was 
synchronized with progesterone for 10 days (52.6%) than in ewes treated for 7 days 
(31.6%). Results of this study revealed that the degree of uterine tone observed at the 
time of LAI is not predictive of pregnancy rate and that semen post-thaw motility, as 
well as the duration of progesterone treatment during synchronization of estrus for 
LAI, can influence pregnancy outcome resulting from LAI in sheep. 
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CHAPTER ONE 
 GENERAL INTRODUCTION 
 Sheep producers utilize artificial insemination (AI) to improve genetics of the 
sheep within their flock using semen collected from genetically superior rams. Most 
sheep producers purchase ram semen, which requires the semen to be frozen. Unlike 
species such as cattle where industry-wide practices for semen collection and 
processing have been refined, there is no uniformly accepted method for ram semen 
processing and freezing. This can lead to poor post-thaw motility of semen, which 
necessitates the deposition of compromised sperm cells closer to the site of 
fertilization.  
Laparoscopic AI (LAI) is a minimally invasive procedure where ram semen is 
deposited directly into the uterine horns of the ewe. It has a distinct advantage over 
other methods of AI in sheep because sperm cells can be deposited fairly close to the 
site of fertilization. However, prior to the LAI procedure, sheep producers need to 
synchronize estrus in ewes in order to maximize pregnancy rates. Protocols for 
synchronization of estrus vary widely among sheep producers and veterinarians, but 
most protocols to prepare ewes for LAI require the use of exogenous hormones. The 
administration of exogenous hormones is extremely beneficial in regulating the time 
of estrus and/or ovulation. 
The LAI procedure requires specialized equipment to visualize a ewe’s 
reproductive tract and other internal organs. A relatively small volume of semen is 
deposited into each uterine horn, and at the time of LAI the operator can see the ewe’s 
reproductive tract and can assess its condition as well as the ease of insemination. 
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The objective study of this clinical, retrospective study was to examine factors 
that potentially influence the success of LAI in sheep. Our hypothesis for this study 
was that the uterine tone at time of LAI would be predictive of pregnancy rates 
following LAI. 
 
Thesis Organization 
 
 The following thesis is organized into three chapters. Chapter 1 is a review of 
the scientific literature pertaining to reproductive anatomy of the ewe, puberty and 
reproductive cyclicity of the ewe, artificial insemination, synchronization of estrus 
with exogenous hormones, laparoscopic artificial insemination, uterine tone, and 
expected pregnancy rates following artificial insemination. Chapter 2 describes 
research conducted to evaluate factors potentially influencing pregnancy rate 
following laparoscopic artificial insemination in sheep. It is presented in the form of a 
manuscript to be submitted for publication. Chapter 3 is a general conclusions section. 
 
 
 
 
 
 
 
 
 
 
3
CHAPTER TWO 
REVIEW OF LITERATURE 
Reproductive anatomy of the ewe 
 The reproductive anatomy of sheep is similar to that of other ruminant 
livestock species. The main reproductive structures are the ovaries, oviducts, uterus, 
cervix, vagina, and external genitalia. The two ovaries (left and right) are important to 
the ewe’s reproductive function because they house oocytes inside ovarian follicles 
that subsequently mature and rupture to release oocytes and, also because they 
produce important reproductive hormones such as estradiol, progesterone, and 
inhibin. The left and right oviducts consist of three portions: the infundibulum, the 
ampulla, and the isthmus; the oviducts are important to ewe reproductive success 
because fertilization of the ovulated oocytes occurs at the ampullary-isthmus junction 
and also because oviductal secretions help support early embryo viability. The uterus 
is comprised of two uterine horns and a single uterine body. The uterus is important 
because it will house the developing embryo and fetus until parturition and will play a 
vital role in the birthing process. The cervix plays an important role to protect the 
contents of the uterus, and the vaginal or vaginal canal serves as the receptacle for the 
ram’s penis during copulation. 
The biggest difference in reproductive anatomy among ruminant livestock 
species is the cervix. There are 4 to 7 cervical rings that protrude into the lumen of the 
ewe cervix (Kershaw et al., 2005). The cervical rings can be aligned with no 
interdigitation, or there can little to substantial interdigitation (Kershaw et al., 2005). 
The complexity of the cervical rings in the ewe makes transcervical artificial 
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insemination complicated. In addition to complexity of the cervical rings, the ewe’s 
external cervical os can serve as an obstacle when trying to insert an insemination 
pipette into the cervical lumen. The external cervical os protrudes into the anterior 
vagina and can be classified depending on the arrangement of the cervical tissue. 
There are five classifications of the cervical external os of the ewe (Kershaw et al., 
2005): 1.) duckbill - a horizontal slit between two folds of cervical tissue; 2.) slit - no 
cervical tissue protruding into the anterior vagina, resulting in a slit-like opening into 
the cervical lumen; 3.) rose - a cluster of cervical tissue extending into the anterior 
vagina covering the external os; 4.) papilla - papilla extend into the anterior vagina; 5.) 
flap - one cervical tissue fold projecting into the anterior vagina which partially or 
completely covers the external os. 
 
Puberty and reproductive cyclicity of the ewe 
Puberty can be defined by the ability to ovulate, exhibition of estrus, or ability 
to support a pregnancy (Senger, 2012a). The onset of puberty in ewes is influenced by 
numerous factors including genetics, nutrition, and photoperiod. The average age for 
onset of puberty in ewes is seven months but can range from four to fourteen months 
(Senger, 2012a). Large frame size of the ewe can postpone the onset of puberty due to 
the ewe requiring more energy for growth and subsequent maintenance. Attainment 
of puberty in the ewe requires adequate fat stores within the body. Adipose cells 
release leptin, which among other substances, works through the kisspeptin neuron 
to stimulate GnRH release from the surge center of the hypothalamus. Additionally, 
photoperiod affects the onset of puberty (Ebling and Foster, 1988). Temperate-zone 
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sheep rely on environmental cues (light/dark cycles) to regulate not only the onset of 
puberty but also the onset of the breeding season. During long days, ewe lambs 
produce and release relatively low levels of luteinizing hormone (LH), whereas during 
the natural breeding season (short days) ewe lambs produce and release LH in a 
pattern more similar to multiparous ewes during the normal breeding season.  
Ewes are seasonally polyestrous meaning that they will exhibit estrus (also 
called heat) multiple times during a well-defined breeding season until either a 
pregnancy is established, or the end of breeding season arrives. One potential 
explanation for the evolution of a species as seasonally polyestrous is to assure that 
rearing of offspring can occur at the best time of the year, which in the temperate 
regions corresponds to spring (Rosa and Bryant, 2003). This seasonality however, 
depends on where sheep originate. Tropical breeds of sheep tend to be aseasonal or 
intermittently polyestrous (Rosa and Bryant, 2003), whereas breeds originating in 
more temperate environments tend to be seasonally polyestrous. The seasonally 
polyestrous nature of a species is driven by a multitude of factors including 
temperature, rainfall, and day length (Rosa and Bryant, 2003). 
The estrous cycle of the ewe is influenced by breed; the average length of the 
estrous cycle is 17 days (Bartlewski et al., 2011) but can range from 13 to 19 days 
(Senger, 2012c); the average length of estrus (or standing heat) is 30 hours, but can 
range from 18 to 48 hours. Ovulation occurs typically 24 to 30 hours after the start of 
estrus. 
During the breeding season of sheep, the length and duration of the estrus 
cycle are fairly consistent (Nalbandov, 1958). However, during the non-breeding 
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season, there are fewer estrous cycles that last longer. Estrous cycles that fall outside 
of the normal breeding season can vary between 22 to 59 days in length (Nalvandov, 
1958). The transition from the anestrous period to estrous activity occurs gradually. 
The first ovulation of the breeding season often results in the corpus luteum (CL) 
regressing prematurely, which results in a short estrous cycle (Rosa and Bryant, 
2003).  
The estrous cycle of the ewe is regulated by a few key hormones including 
gonadotropin releasing hormone (GnRH), follicle stimulating hormone (FSH), 
luteinizing hormone (LH), estradiol-17β (E2), progesterone (P4), prostaglandin F2α 
(PGF2α), inhibin, oxytocin, and melatonin. GnRH is a peptide hormone produced in the 
hypothalamus that travels through the hypothalamic-hypophyseal portal blood 
system to the anterior pituitary gland, where it binds to gonadotroph cells to cause 
the release of FSH and LH. The glycoprotein hormones FSH and LH both travel 
systemically to the ovaries, where they bind to their receptors on the granulosa and 
theca interna cells, respectively. As the name of the hormone implies, FSH stimulates 
the development and growth of ovarian follicles, as well as converts androgens to E2. 
The biological impacts of LH after it binds to theca interna cells are varied and include 
to: 1) stimulate ovulation, 2) facilitate development of the CL, 3) promote CL 
functionality, and 4) convert cholesterol to androgens.  
When FSH binds to its receptors on granulosa cells, E2, one of the two main 
female hormones, is produced. One main function of E2 is to drive sexual behavior. 
When circulating blood concentrations of E2 are high in conjunction with lower 
concentrations of P4, the female becomes receptive to mating. A second function of E2 
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is to cause a surge of GnRH when P4 levels are low. The GnRH surge causes a 
subsequent surge of LH, which leads to ovulation. Other functions of E2 include 
preparing endometrial glands for histotroph production, stimulating epithelial cells in 
the cervix to secrete watery mucus, inducing smooth muscle contractions and ciliary 
movement in the oviducts to aid in gamete transport, and myometrial contractions 
and related events to facilitate parturition. 
Progesterone (P4), the other important gonadotropin, is produced by the CL 
during the luteal phase of the estrous cycle as well as by the placenta during 
pregnancy. It exerts negative feedback on the hypothalamus and anterior pituitary, 
which substantially inhibits the release of GnRH and LH, respectively. When 
circulating concentrations of P4 are high sexual receptivity is inhibited. Furthermore, 
P4 stimulates the endometrium to produce histotroph and supports maintenance of 
pregnancy by preventing myometrial contractions. If the ovine preimplantation 
embryo does not emit the signal for maternal recognition, pregnancy is not 
established because PGF2α is released from the endometrium and travels systemically 
to the ovary to cause luteolysis and to allow for the female to initiate another estrous 
cycle (Senger, 2012c).  
The hormone that induces luteolysis, PGF2α, is produced in the endometrium of 
the ewe. Endogenous PGF2α is transported to the ovary through countercurrent 
exchange between the uterine vein and the ovarian artery. This exchange prevents 
PGF2α from circulating systemically and being degraded in the lungs (Senger, 2012c). 
Luteolysis is induced by PGF2α through two mechanisms. The first mechanism is via 
PGF2α-mediated vasoconstriction causing a reduction in blood flow (ischemia) to the 
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CL leading to degradation of capillaries (Senger, 2012c). The second mechanism of 
luteolysis is via apoptosis (programmed cell death) triggered by PGF2α binding to its 
receptors on large luteal cells. Apoptosis leads to a cessation of steroidogenesis and 
degradation of luteal cells. 
The duration of daylight each day affects functionality of the pineal gland, 
which releases melatonin during hours of darkness. The length of daylight hours 
induces or suppresses ewe sexual activity; high amounts of melatonin are excitatory, 
whereas lower amounts are unable to stimulate cyclicity (Rosa and Bryant, 2003). 
Photic receptors in the retina transmit photic information to the suprachiasmatic 
nuclei (SCN), located in the hypothalamus.  The SCN transmits a neural message to the 
pineal gland via the superior cervical ganglia to suppress release of melatonin (Rosa 
and Bryant, 2003). In sheep in temperate environments, cyclicity is initiated when the 
hours of darkness per day are increasing and the hours of light per day are 
decreasing. During days when hours of daylight per day are relatively few, melatonin 
is secreted for a longer time period than during long days (Rosa and Bryant, 2003), 
and this stimulates cyclicity. 
 
Artificial insemination – a reproductive tool for genetic improvement 
Artificial insemination is an important genetic improvement tool used in the 
sheep industry (Kershaw et al., 2005). Artificial insemination (AI) may be performed 
with fresh, chilled, or frozen-thawed semen. Typically semen collected from 
genetically superior rams (identified through programs such as the National Sheep 
Improvement Program) is frozen and shipped to the producer (Kershaw et al., 2005). 
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A secondary reason why sheep producers use AI is to reduce the likelihood of 
introducing diseases within a flock at the time of genetic introduction (Kershaw et al., 
2005) because semen is treated with antibiotics to kill bacteria whereas live animals 
can serve as a reservoir of pathogenic microbes.  
There are four different techniques used for AI in sheep, and these techniques 
differ primarily in the location where the semen is deposited. Vaginal AI is an 
insemination method where semen is deposited into the anterior vagina just caudal to 
the external cervical os but without actually locating the cervix (Evans and Maxwell, 
1987). A sheep producer can easily perform vaginal AI on farm; however, pregnancy 
rates from vaginal AI are lower when using frozen-thawed semen (17.6%) than when 
using fresh semen (64.0%; Maxwell and Hewitt, 1986). Cervical AI involves placement 
of semen in the cervix with the aid of a lighted vaginal speculum. The pipette ideally 
should be inserted into the cervix up to at least three cm in depth (Evans and Maxwell, 
1987). The cervical AI procedure can be done on the farm if the producer has tools 
needed for the technique. Pregnancy rates for cervical insemination with fresh and 
frozen-thawed semen are 60.0% and 18.4%, respectively (Maxwell and Hewitt, 1986). 
The pregnancy rate increases with deeper deposition of semen into the cervix. Evans 
and Maxwell (1987) reported that fresh semen deposited at the entrance of the cervix 
produced a pregnancy rate of approximately 50.0%; if the semen was deposited up to 
one cm into the cervix, the pregnancy rate was 68.8%; if the semen was deposited 
further than one cm into the cervix, the pregnancy rate was 71.4%. Transcervical AI is 
also an intrauterine insemination method where semen is deposited in the body of the 
uterus cranial to the interior cervical os (Evans and Maxwell, 1987). To facilitate 
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deposition of semen into the uterine body, a speculum is introduced into the vagina to 
aid in visualization of the external cervical os. One variation of this technique 
(developed at the University of Guelph in Canada) involves use of a pair of forceps to 
grasp tissue surrounding the external cervical os. Once the cervical tissue is moved to 
the side, the insemination pipette is introduced into the external os and rotated while 
progressing forward. This introduction can occur with or without retraction of the 
cervix. Penetration of the AI pipette into the uterus can be achieved when there is no 
resistance to forward progression; semen is then deposited (Buckrell et al., 1994). 
Laparoscopic AI is an intrauterine insemination method where semen is deposited 
into both uterine horns between the uterine bifurcation and the utero-tubal juncture 
(Evans and Maxwell, 1987). Laparoscopic AI is considered by some as an invasive 
method, and in some regions of the world laparoscopic AI must be performed by a 
licensed veterinarian. The laparoscopic AI procedure will be discussed more in depth 
later in this literature review.  
Both frozen-thawed and fresh semen can be used for any of the 
aforementioned AI techniques; however, insemination with fresh semen typically 
results in higher pregnancy rates than insemination with frozen-thawed semen 
(Maxwell and Hewitt, 1986; Buckrell et al., 1994).  Another factor that influences 
pregnancy rate following AI in sheep is the dose of semen deposited at the time of 
insemination. Maxwell and Hewitt (1986) reported that a dose of 0.1mL of frozen-
thawed semen results in a lower pregnancy rate than a dose of 0.6mL, irrespective of 
insemination technique (vaginal, cervical, intrauterine).  
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Synchronization of estrus  
 To help control the cyclicity of the ewe a sheep producer can administer 
exogenous hormones. Two main exogenous hormones used for the control of cyclicity 
in the ewe are P4 and prostaglandin F2α (PGF2α). Exogenous melatonin may also be 
used to induce cyclicity in ewes in some regions of the world.  
Effective use of exogenous hormones to regulate cyclicity in the ewe requires 
that females have already reached puberty. Special attention is thus required when 
attempting to regulate cyclicity in ewe lambs – some of whom may not have yet 
reached sexual maturity. For sexually mature females, one of the important factors 
that determines which exogenous hormone(s) is (are) appropriate to use is cyclicity 
status. If ewes are known to be exhibiting regular recurring estrous cycles, it is 
possible for the sheep farmer to utilize exogenous PGF2α as the synchronization 
protocol. Otherwise, use of exogenous PGF2α may result in moderate, poor, or no 
response. 
In ewes known or suspected to be in anestrus, the use of exogenous PGF2α is 
contradicted and utilization of exogenous P4 is necessitated. However, response of 
anestrous ewes to synchronization protocols typically will be enhanced by 
incorporating a gonadotrophic hormone into the protocol. The two primary 
gonadotrophic hormones that directly stimulate ovarian function are follicle 
stimulating hormone (FSH, or alternatively a crude pituitary extract containing FSH) 
and equine chorionic gonadotrophin (eCG, formerly known as pregnant mare serum 
gonadotrophin [PMSG]). Some commercially available eCG products also contain 
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compounds (e.g., hCG) which can bind to LH receptors in the ovarian follicle (to 
complement the action of eCG which binds to FSH receptors in ovarian follicles).  
In the United States the most common method used to deliver exogenous 
progesterone to a ewe to prevent estrus from being exhibited is via a controlled 
internal drug-releasing device known as a CIDR (Santos-Neto et al., 2015; Biehl et al., 
2017). The sheep CIDR approved by the US Food and Drug Administation (FDA) 
contains 0.3 g of progesterone (FDA, 2009). Exogenous P4 can be used to regulate 
cyclicity because it exerts negative feedback on the hypothalamus and anterior 
pituitary gland by causing the storage of GnRH and LH, respectively. Through this 
negative feedback, progesterone limits the growth and development of ovarian 
follicles, keeps plasma estradiol concentrations low, and prevents the ewe from 
exhibiting estrus until it is removed. 
Other progesterone delivery devices are available around the world; however, 
these products do not have US FDA approval for use in sheep. Sponges or pessaries 
typically contain a progesterone analogue such as medroxyacetate progesterone 
(MAP) at 5 mg, 10 mg, or 60 mg (Loubser and Niekerk, 1981; Santos-Neto et al., 2015; 
Viñoles et al., 2001; Olivera-Muzante et al., 2011a), or fluorogestone acetate (FGA) at 
30 mg for out of season use in sheep, 40 mg for in season use in sheep, or 45 mg for 
use in goat (Martemucci and D’Alessandro, 2011; Rekik et al., 2016).   
 Progesterone delivery devices work by “tricking” the hypothalamus into 
believing that the luteal phase of the estrous cycle is still ongoing. During a normal 
estrous cycle, the luteal phase is characterized by the presence of at least one corpus 
luteum (CL) and circulating concentrations of progesterone exceeding 1 ng/ml. When 
 
 
13
a sheep producer administers a progesterone releasing device, the circulating 
progesterone levels remain high and growth and development of the ovarian follicle 
cohort is inhibited. The follicle cohort is growing and developing during the luteal 
phase, but at a slower rate than when progesterone levels are low. After the 
progesterone device is removed, ovarian follicular growth and development resumes 
(assuming no functional CL is present) and the ewe starts a new estrous cycle. This 
sequence of reproductive events occurs because, when the progesterone device is 
removed, the negative feedback of P4 on the hypothalamus and anterior pituitary 
gland is removed. Removal of this negative feedback allows greater release of GnRH, 
and subsequently FSH and LH, which results in increased ovarian follicle function, 
increased concentration of circulating E2, and decreasing concentrations of 
progesterone.   
 The proper use of progesterone releasing devices during the normal breeding 
season result in effective synchronization of estrus and acceptable pregnancy rates 
when using natural mating. However, the use of progesterone devices to control 
cyclicity in preparation for laparoscopic artificial insemination (LAI) may require the 
use of other exogenous hormones to more precisely control the time of ovulation. 
Most LAI is performed using a fixed-time artificial insemination (FTAI) approach (also 
known as “appointment breeding”). If sperm are introduced into the ewe 
reproductive tract too early or too late (i.e., in the post-ovulatory period), pregnancy 
rates resulting from the LAI/FTAI are likely to be low.  
Studies have examined the efficacy of progesterone delivery devices (FGA or 
MAP pessaries; CIDR) used in conjunction with PGF2α, eCG/PMSG (equine chorionic 
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gonadotropin/pregnant mare serum gonadotropin) and/or GnRH (gonadotrophin 
releasing hormone). Martemucci and D’Alessandro (2011) reported that the 
combination of FGA, cloprostenol (a PGF2α analogue), and eCG with PGF2α injected 
either at the end of the FGA treatment or at the beginning of the FGA treatment 
resulted in pregnancy rates of 86.7 and 92.3%, respectively, whereas other hormonal 
treatment combinations resulted in lower pregnancy rates, with the lowest being 
33.3% (PGF2α administered at the beginning of the FGA treatment and GnRH 
administered 30 hours after FGA removal). Similarly, Rekik et al. (2016) reported that 
the use of FGA for 14 days and 300 I.U. eCG administered at sponge removal resulted 
in a 70.4% lambing rate (Rekik et al., 2016).  
 The duration of P4 exposure through intravaginal devices varies across studies. 
Viñoles et al. (2001) studied the difference in pregnancy rate between short-term (6 
days) and long-term (12 days) treatment with 60 mg MAP sponges. Pregnancy rate 
for the short-term treatment was 87%, but were only 63% for the long-term 
treatment. Loubser and Niekerk (1981) inserted MAP sponges for 8 days, and at 
sponge removal ewes were injected with either 5 mg or 10 mg of dinoprost (PGF2α). 
Treatment with 10 mg PGF2α resulted in a higher conception rate (84.9%) compared 
to treatment with 5 mg PGF2α (61.5%).  
The time interval between P4 removal and time of LAI can affect pregnancy 
rates. Eppleston and Roberts (1986) examined the interaction between type of 
sponge used (60 mg MAP or 30 mg FGA) and timing of insemination (48, 60, or 72 
hours after sponge removal). For ewes who were synchronized with MAP sponges, 
the proportion who lambed as a result of LAI improved (P<0.05) when AI was 
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performed 60 hours after sponge removal compared with 48 hours; however lambing 
rate declined when insemination occurred 72 hours after sponge removal. When FGA 
sponges were used, however, there was no difference in lambing rate due to time of 
insemination (51.2%, 52.5%, and 62.5%; 48, 60, and 72 hours, respectively).  
 
Synchronization of estrus using prostaglandin F2α  
Sheep producers can potentially control cyclicity of their ewes by 
administering exogenous PGF2α; however, multiple injections of PGF2α have to be 
administered in order to be effective. Exogenous PGF2α has no effect on ewe cyclicity 
unless a corpus luteum (CL) is present (i.e., during the luteal phase of the estrous 
cycle). Because the presence of a CL is required for action, PGF2α is more effective 
during the natural breeding season of the ewe because at any given point in time at 
least some ewes within the flock with have a CL.  
The use of PGF2α analogues for the control of cyclicity has been extensively 
researched, and two of those analogues (cloprostenol and delprostenate) are not 
currently available in the US. Cloprostenol has been administered at dosages of 120 µg 
(de Carvalho Menezes de Almeida et al., 2018) or 125 µg (Sözbílír et al., 2006). de 
Carvalho Menezes de Almeida et al., (2018), administered two injections of 
cloprostenol 7, 9, or 11.5 days apart. Estrous response rate averaged 90% and did not 
differ due to injection intervals. Interval from the second PGF2α injection to ovulation 
averaged 67.8 hours and similarly was unaffected by interval. Sözbílír et al. (2006) 
administered two injections of cloprostenol either 10 or 14 days apart. The 
proportion of ewes that exhibited estrus within 48 hours of the second injection was 
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92.3% for ewes treated at 10-day interval and 60.0% for ewes treated at 14-day 
intervals.  
Fierro et al. (2017) administered 160 µg of delprostenate 7, 10, 12, 14, or 16 
days apart. A staggered treatment method was used so that FTAI could be performed 
on the same day for all groups. There was no difference between groups in ovulation 
rate; however, the non-return rate was higher (P<0.05) in ewes treated at 12, 14, and 
16-day intervals. Pregnancy rate (46.0%, 56.9%, and 56% for 12, 14, and 16 day 
intervals, respectively), compared with the 28.8% and 30.3% pregnancy rate for ewes 
treated 7 and 10 days apart, respectively. In a different study, two injections of 
delprostenate were administered at an interval of 7 days using dosages of 80 µg or 
160 µg (Olivera-Muzante et al., 2011b). The estrous response to delprostenate was 
high (86% and 73% of ewes exhibited estrus between 25 and 48 hours) and did not 
differ between groups. However, ewes that received 80 µg of delprostenate had a 
conception rate of 24%, whereas ewes treated with 160 µg had a higher (P<0.05) 
conception rate of 42%.  
Contreras-Solis et al. (2009) administered two doses of cloprostenol 9 days 
apart to synchronize estrus. After the second injection, estrus was detected by use of a 
teaser ram and trans-rectal ultrasonography was performed every four hours to 
determine the time of ovulation. Following estrus, ewes were given a third shot of 
cloprostenol at day 3, 5, or 7 (estrus defined as day 0). Ewes in each group returned to 
estrus 28.6, 34.3, and 36.6 hours (day 3, 5, and 7, respectively) after the third 
cloprostenol treatment. In addition, the timing of ovulation with respect to the third 
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cloprostenol treatment was similar, 50.9, 52, and 54.9 hours for day 3, 5, and 7, 
respectively. 
The effective use of PGF2α analogues to synchronize estrus has been proven by 
these collective experiments to synchronize estrus, and all experiments revealed a 
similar timeframe from the last PGF2α injection to the time of ovulation (Contreras-
Solis et al., 2009; Olivera-Muzante et al., 2011a; Olivera-Muzante et al., 2011b; Fierro 
et al., 2017; Sözbílír et al., 2006; de Carvalho Menezes de Almeida et al., 2018). 
Synchronization of estrus can thus be achieved by two injections of PGF2α or a PGF2α 
analogue if administered at appropriate intervals. 
 
Ovarian stimulation using exogenous gonadotropins 
Ovarian stimulation can be achieved by the use of exogenous hormones. The 
endogenous hormone responsible for ovarian stimulation in sheep is FSH which is 
produced by the anterior pituitary gland. When FSH binds to its receptors on 
granulosa cells in the ovarian follicle it causes growth of the follicle. In an analogous 
manner, exogenous FSH can be utilized to achieve ovarian stimulation; however, due 
to the high cost of exogenous FSH many sheep producers prefer to use cheaper (and 
sometimes more readily available) hormones. One such hormone is equine chorionic 
gonadotropin (eCG; also known as PMSG – pregnant mare serum gonadotropin). 
When administered to a ewe, eCG will bind to FSH receptors to cause ovarian 
follicular growth. Another hormone that can be used by sheep producers in some 
countries is PG-600®, which is a combination of eCG and human chorionic 
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gonadotropin (hCG). Ovarian stimulation can be delivered by treatment with PG-600® 
because eCG binds to FSH receptors and hCG binds to LH receptors.  
 Sheep producers in many countries of the world rely on the use of PMSG and 
pessaries to synchronize the estrous cycle and regulate the onset of estrus and time of 
ovulation. This regulation is crucial because the time from ovulation to insemination 
needs to consider the lifespan of frozen-thawed semen. Eppleston et al. (1991) 
injected ewes with 400 IU PMSG at either 0 or 24 hours prior to pessary removal. A 
higher proportion of ewes exhibited estrus 24 to 36 hours after pessary removal, 
when injected with PMSG 24 hours prior to pessary removal (21% and 53%, 24 and 
36 hours respectively) compared with ewes injected with PMSG at pessary removal 
(7% and 35%, 24 and 36 hours respectively). In addition, the effect of PMSG on 
ovulation shortened the time frame between pessary removal and ovulation, with a 
higher proportion of ewes receiving PMSG 24 hours prior to pessary removal 
ovulating between 50 and 54 hours after pessary removal (23.3% and 57%, 
respectively) compared with ewes that received PMSG at pessary removal (3.23% and 
2%, 50 and 54 hours respectively) (Eppleston et al., 1991). In a different study, ewes 
that received 400, 630, or 1000 IU of PMSG had greater ovulation rates than ewes that 
received no PMSG (Gherardi and Lindsay, 1980). The ovulation rate was positively 
correlated with PMSG dose, and the highest mean ovulation rate occurred in ewes 
that received 1000 IU PMSG. However, Hulet and Foote (1969), reported a negative 
effect of higher doses and repeated doses of PMSG due to an immune-like reaction. 
This is likely due to PMSG being a glycoprotein hormone with a long half-life and not 
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of sheep origin, which causes the immune system of the ewe to create antibodies 
against the foreign glycoprotein (Hulet and Foote, 1969; Pigon et al., 1960).  
 Treatment of ewes with PMSG leads to a shortened interval from pessary 
removal to estrus and ovulation (Eppleston et al., 1991; Gherardi and Lindsay, 1980), 
but it can also cause a prolonged period of estrus (36.57 hours versus 16 hours; PMSG 
versus no PMSG, respectively) in ewes injected with 600 IU PMSG at sponge removal 
(Ucar et al., 2005). By having an extended period of estrus, the ewes likely ovulated at 
a later time with respect to pessary removal; however, the time interval between 
PMSG injection (at time of pessary removal) and ovulation was shortened without 
regard to the length of the period of estrus (Eppleston et al., 1991; Gherardi and 
Lindsay, 1980). 
 The use of PG-600® to achieve ovarian stimulation has been studied numerous 
times (Cline et al., 2001; Windorski et al., 2008; D’Souza et al., 2014). Cline et al. 
(2001) examined the interval between removal of an implant containing the P4 
analogue norgestomet to estrus and ovulation. Norgestomet implants were inserted 
for 10 days and a injection of PG-600® (400 IU eCG and 200 IU hCG) or 400 IU eCG 
was administered at implant removal. The interval from implant removal to estrus 
was longer in ewes that received PG-600® versus ewes that received eCG (36 hours 
versus 24 hours, respectively). However, the interval in the control group 
(norgestomet implant only) was not different than that for ewes that received PG-
600®. The interval between implant removal and ovulation followed a pattern similar 
to the results above. Ewes that received eCG had a shorter interval compared with 
ewes that received PG-600® or untreated control ewes. Yet, ewes that received either 
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eCG or PG-600® had an earlier onset of estrus (24 versus 36 hours) and ovulation (60 
versus 64 hours) compared with control ewes (Cline et al., 2001).  
 Injections of PG-600® to induce estrus and ovulation in the absence of any P4 
treatment resulted in lower pregnancy results (D’Souza et al., 2014; Windorski et al., 
2008). When ewes were synchronized with a CIDR (containing P4) or a CIDR plus PG-
600®, the pregnancy rates were not different (CIDR only group 71.9% pregnancy rate 
versus 69.7% pregnancy rate in PG-600® group; D’Souza et al., 2014). However, ewes 
that received PG-600® had higher prolificacy than ewes that received only the CIDR 
(1.67 lambs versus 1.47 lambs, respectively). Similarly, Windorski et al. (2008) 
reported that ewes receiving only PG-600® had a lambing rate of 68% compared with 
a 77% lambing rate in ewes that received only the progesterone analogue MGA to 
synchronize estrus. The combination of PG-600® and MGA resulted in a similar 
lambing rate (74%). When PG-600® was administered 1 day prior to CIDR removal, 
pregnancy rate was higher (59.9%) than for ewes that received only the CIDR 
(51.7%).  
 
Exogenous hormones to control the time of ovulation 
 The addition of GnRH to a synchronization protocol can be helpful for FTAI. 
Exogenous GnRH, when administered to ewes, will bind to receptors on gonadotroph 
cells in the adenohypophysis causing the synthesis and release of FSH and LH. 
Olivera-Muzante et al. (2013) examined the inclusion of GnRH at 24 hours and 36 
hours after the second PGF2α injection in a synchronization protocol using two 
injections of PGF2α (Synchrovine®) seven days apart. Pregnancy rates of ewes 
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receiving GnRH 36 hours after the 2nd PGF2α injection were similar (33.7%) to those in 
ewes not receiving GnRH (42.6%); however, GnRH given 24 hours after the 2nd PGF2α 
injection had significantly lower pregnancy rate (10.2%) following cervical AI. This 
lower pregnancy rate could be due to the inability of exogenous GnRH to induce a LH 
surge when administered 24 hours after the second PGF2α injection (Olivera-Muzante 
et al., 2013). By allowing an extra 12 hours to pass before giving the GnRH shot, the 
adenohypophysis would be more primed and ready to respond with a greater LH 
surge and thus ovulation (Olivera-Muzante et al., 2013). 
 Husein and Kridli (2003) examined the effect of exogenous GnRH in ewes 
whose estrus was synchronized using one of three different sponges (commercially 
available 60 mg MAP sponge, homemade sponge containing 600 mg P4, or blank 
sponge containing no progesterone). Ewes treated with MAP sponges and GnRH had a 
conception rate of 75%, whereas ewes synchronized with homemade P4 sponge and 
GnRH had a conception rate of 25%; ewes receiving a blank sponge and GnRH had a 
conception rate of 0%. These results show that GnRH alone cannot be used to induce 
ovulation and obtain subsequent conception in the absence of some sort of 
synchronization protocol.  
 Utilization of GnRH in conjunction with FGA sponges increased pregnancy 
rates when compared to FGA only (Karaca et al., 2009); however, short-term FGA 
seems to have similar results to FGA plus GnRH. When ewes received FGA only for 
either 7 days or 12 days, pregnancy rates were significantly different (87.3% 
compared to 71.6%, respectively); however, when GnRH was added to the FGA 
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treatment, pregnancy rates were numerically similar to 7day FGA (89.6%) (Karaca et 
al., 2009).   
 
Laparoscopic Artificial Insemination 
 Laparoscopic artificial insemination (LAI) was developed to deposit frozen-
thawed semen directly into the uterus to obtain comparable pregnancy rates to 
natural service (Gourley and Riese, 1990; Evans, 1988).  The practicality of LAI was 
established in the early 1970’s with the development of proper equipment (Gourley 
and Riese, 1990). LAI developed from laparoscopy, which was first performed in dogs 
in 1902 (Rawlings, 2011). Laparoscopy became a normal surgical method in humans 
for small surgeries and organ biopsies in the 1970’s. During the same time, 
laparoscopic insemination in sheep was developed in Australia and New Zealand 
(Gourley and Riese, 1990). The first report of endoscopic insemination with the use of 
a laparoscope was Killen and Caffery (1982) and details about laparoscopic artificial 
insemination were reported subsequently by Evans and Maxwell (1987).  
 
Laparoscopic Artificial Insemination Procedure  
 Laparoscopic artificial insemination (LAI) cannot be performed efficiently 
without preparation for the procedure. The estrous cycle of ewes is synchronized to 
ensure that estrus and ovulation occurs close to the time when the procedure is 
scheduled to be performed. Prior to the procedure, the ewes will need to be held from 
food and water for at least 12 hours prior to LAI (Evans and Maxwell, 1987).  
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The ewe is placed in dorsal recumbency in a specially designed laparoscopy 
cradle and secured by tying or attaching the legs to the four corners of the cradle in a 
spread-eagle position (Evans and Maxwell, 1987; Ghalsasi and Nimbkar, 1996). After 
the ewe is secured in the cradle, the wool surrounding the udder and 10 to 12 cm of 
the lower abdomen region cranial to the udder is shorn (Evans and Maxwell, 1987). 
The freshly shorn area is scrubbed with an antiseptic solution to remove dirt, oil, and 
surface bacteria (Evans and Maxwell, 1987; Ghalasi and Numbkar, 1996; McKelvey et 
al., 1985). Once the lower abdomen is sanitized, a local anesthetic (e.g., 2% lidocaine 
hydrochloride) is injected subcutaneously 5 to 7 cm cranial to the udder and 3 to 4 cm 
on both sides of the midline (Evans and Maxwell, 1987; Ghalsasi and Nimbkar, 1996). 
Alternatively, the ewe is intubated, placed under general anesthesia, and maintained 
with a gas anesthetic (inhalant) (McKelvey et al., 1985). 
When starting the LAI procedure, the ewe is elevated at a 30 to 40 degree angle 
to the horizontal with the head down (also known as the Trendelenburg position) 
(Evans and Maxwell, 1987; Ghalasi and Numbkar, 1996; McKelvey et al., 1985; Killen 
and Caffery, 1982). By placing the ewe at this angle, the viscera (e.g., intestines, 
omental fat) is repositioned away from the uterus (Evans and Maxwell, 1987; Ghalsasi 
and Nimbkar, 1996). Two incisions are made two to three cm on each side of the 
midline through which the trocar-cannulas are inserted (Ghalsasi and Nimbkar, 1996; 
McKelvey et al., 1985). The trocar on one side will be removed allowing for the 
laparoscope to be inserted through the cannula (Evans and Maxwell, 1987). The 
peritoneal cavity will be inflated with CO2 to further reposition the viscera away from 
the uterus and allow the uterine horns to be visualized. The trocar on the other side is 
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removed, and a probe or forceps is inserted through the cannula and used to gently 
reposition the reproductive tract for easier insemination (Evans and Maxwell, 1987; 
Ghalasi and Numbkar, 1996; McKelvey et al., 1985). Some LAI technicians make a 
third incision for introduction of the insemination pipette (McKelvey et al., 1985; 
Killen and Caffery, 1982). Once the uterine horns are found, the forceps will be 
removed from the cannula and replaced with an insemination pipette (Evans and 
Maxwell, 1987). In the case when there are three incisions, the forceps will remain to 
hold the uterine horn (McKelvey et al., 1985; Killen and Caffery, 1982). The 
insemination pipette will be stabbed into the uterine horn, and the syringe will be 
depressed allowing half of the semen to be deposited into each uterine horn (Evans 
and Maxwell, 1987; Ghalsasi and Nimbkar, 1996). If insemination was successful, 
examination of the uterine wall during the insemination may reveal a slight bulge 
outward distal to the injection site (McKelvey et al., 1985). If semen did not flow out of 
the insemination pipette during the actual insemination, the pipette is withdrawn 
slightly to ensure the needle did not completely traverse the uterine lumen and 
penetrate the distal endometrium (Killeen and Caffery, 1982). The procedure is 
repeated on the second uterine horn.  Following deposition of semen in both uterine 
horns, absorbable sutures are placed in the body wall to seal off the incisions, the ewe 
is placed in a pen to recover from the procedure, and she is observed for up to 12 
hours to detect any potential complications from the procedure. Some technicians 
prefer to administer a prophylactic dose of a broad-spectrum antibiotic. 
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Semen collection 
 An important factor in the success of artificial insemination (AI) in sheep is the 
quality of the semen used for insemination. It is crucial to collect and handle semen 
properly and to take appropriate steps in the preservation of the collected semen. 
Artificial insemination of sheep can use fresh, chilled, or frozen-thawed semen; 
however, pregnancy rates resulting from AI are influenced by the combination of 
semen type and method of insemination. Frozen-thawed semen tends to be used more 
frequently with laparoscopic AI (LAI) due to higher pregnancy rates obtained 
compared with other AI methods.  
 Semen is collected from genetically superior rams through the use of either an 
artificial vagina (AV) or electroejaculator. The AV for use in ram semen collection is 
similar to the AV used for other species and is comprised of a flexible plastic or rubber 
liner contained within a rigid outer plastic tube, with warm water (42° C) and air 
inserted between the two layers (Moore, 1985; Senger, 2012b). This construction 
provides warmth to mimic the reproductive tract (vagina) of the ewe. The ram is 
trained to mount a restrained ewe in estrus and ejaculate into the AV (Salamon, 
1976).  
Electroejaculation (EE) can be used to obtain semen from rams who have not 
been trained to serve an AV. With this method a probe with external metal conductors 
is inserted into the rectum of the ram at a depth of approximately 15 cm (Moore, 
1985). The operator of the EE unit delivers a controlled mild electrical stimulus to the 
accessory glands and the pelvic urethra (Senger, 2012b). The electrical stimulus 
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nearly always results in an ejaculation; massage of the penis accompanied with an 
electrical stimuli can also be used to obtain an ejaculate (Moore, 1985). 
 Collection of semen via AV or EE can result in differences in the collected 
ejaculate (Moore, 1985). Rams collected using an AV have a higher mean sperm cell 
concentration (3.7x109 spermatozoa/mL) than rams collected via EE (2.4x109 
spermatozoa/mL) without regards to mean ejaculate volume (0.6 cc and 0.8 cc, 
respectively). Additionally, collection of semen with an AV results in a higher total 
number of sperm per ejaculate (2.3x109) when compared with collection via EE 
(2.1x109) (Moore, 1985).  
 
Semen processing  
Unlike the artificial insemination (AI) industries of other species (e.g., cattle, 
swine, horses), the US sheep industry does not have a large and competitive semen 
collection and processing industry. Most sheep producers who utilize AI purchase 
semen from out of state, and this semen needs to be frozen. Unlike other species, 
there is not one uniformly accepted method for ram semen processing. In order for 
ram semen to survive the freeze-thaw cycle, semen needs to be diluted with semen 
extender containing egg-yolk, milk, or soy lecithin and supplemented with a 
cryoprotective agent (Emamverdi et al., 2015). Seminal plasma alone cannot provide 
significant protection against post-collection pH changes and temperature changes 
during cryopreservation (Salamon and Maxwell, 1995). There are many commercially 
available diluents for extending livestock semen, but few have been designed 
specifically for ram semen. A common composition of the base diluent includes tris-
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buffer, fructose, citric acid, and penicillin and streptomycin. Additional components 
often include a cryoprotective agent such as glycerol as well as either plant-derived 
soybean lecithin or animal-derived egg-yolk (Masoudi et al., 2017; Emamverdi et al., 
2015).  
Masoudi et al. (2017) froze ram semen in soybean lecithin (SL) or egg-yolk 
(EY) medium in 0.25 ml French straws by exposing the room temperature straws to 
liquid nitrogen vapor (-70 °C) for ten minutes. Following the 10-minute freeze in 
liquid nitrogen vapor, straws were plunged into liquid nitrogen and stored until 
thawing. After semen was thawed, Masoudi et al. (2017) evaluated total and 
progressive motility in addition to sperm viability before inseminating ewes via 
vaginal, transcervical, or laparoscopic methods. Pregnancy rates were different 
(P<0.05) among all three insemination methods, with laparoscopic AI resulting in a 
higher pregnancy rate (44% and 42% SL and EY, respectively) than transcervical AI 
(30% and 32% SL and EY, respectively) which was higher than vaginal insemination 
(4% and 4% SL and EY, respectively). Those results were interesting in view of 
pregnancy rates obtained when fresh semen was utilized for insemination. There was 
no difference (P>0.05) in pregnancy rates with vaginal (62%), transcervical (64%), or 
laparoscopic (66%) insemination (Masoudi et al., 2017). Results of this study revealed 
that pregnancy rates obtained via insemination with frozen-thawed semen were 
lower than those obtained with fresh semen and further that method of insemination 
influences pregnancy rates when using frozen-thawed semen.  
Maxwell et al. (1980) examined different ram semen freezing techniques and 
the efficacy of the techniques on fertility. Semen collected from genetically superior 
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rams had to meet certain minimum criteria: initial motility (≥80% progressive 
motility) and sperm cell concentration (≥3x109). Ejaculates that met the criteria 
above were pooled and subsequently processed using one of two freezing methods, 
deep-freezing in pellets or deep-freezing in straws. Semen frozen in pellets was frozen 
on dry ice and then stored in liquid nitrogen, whereas semen frozen in straws was 
exposed to liquid nitrogen vapor (-75 °C) for 8 minutes and then immersed in liquid 
nitrogen for storage. Two to three pellets were thawed in a test tube in a warm (37˚C) 
water bath, and one straw was thawed for insemination. After insemination, fertility 
was assessed. Semen frozen in pellets resulted in higher fertility (52%) than semen 
frozen in straws (29%). Maxwell et al. (1980) subsequently compared semen frozen 
in pellets to chilled semen. Fertility rates were different between chilled semen 
(Suffolk (84%) rams or Texel (80%)) and frozen-thawed pelleted semen (56%, 
Suffolk ram semen) (P<0.01 or P<0.001 for Suffolk or Texel, respectively). 
 
Hormonal effects on uterine tone 
 During the estrous cycle of the ewe, the reproductive tract undergoes 
significant physiological changes mediated by ovarian steroid hormones, including 
preparation of the uterus for implantation and placentation by the developing 
conceptus. Estradiol-17β (E2) and progesterone (P4) are produced by the ovarian 
follicles and corpus luteum (CL), respectively, and both influence changes within the 
uterus. The estrous cycle consists of the follicular phase and the luteal phase; the 
follicular phase is dominated by E2 whereas P4 dominates the luteal phase. 
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 Under the influence of E2, the uterus has a healthy dark pink color due to 
increased blood flow. This increased blood flow is due to the spiral arties elongating 
as well as increased vascularity, which is caused by the binding of E2 to its respective 
receptor on the endometrium (Ojeda, 2004). In contrast to the influence of P4, the 
spiral arteries become coiled again. Additionally, if pregnancy does not result from the 
breeding, prostaglandin F2α (PGF2α) is produced by the endometrium and results in 
the loss of the CL.  
Zhang et al. (1999) examined the regulation of nitric oxide (NO) synthase by 
E2. The NO synthase is found within different tissues including the endometrial 
stroma and glands, the decidua, and the myometrial smooth muscle. Exposure of the 
uterus to E2 in ovariectomized ewes causes an increase in type I and type III NO 
synthase mRNA and protein within the myometrium and endometrium. The increase 
in NO synthase causes dilation of blood vessels, which leads to increased blood flow to 
the uterus and uterine horns. 
Murray (1992) evaluated the effects of E2 and P4 on the uterus of sheep. 
Ovariectomized sheep were treated with exogenous E2 or a combination of E2 and P4 
to determine physiological changes in the uterus after exposure to exogenous 
hormones. The control group did not receive exogenous hormones, and the 
endometrium remained as a single layer of cuboidal cells. When the ewes received 
only E2, the cell height of the endometrium significantly increased, compared to 
untreated control ewes. Furthermore, when the ovariectomized ewes were primed 
with E2 and subsequently received a P4 treatment, there was no increase in cell 
height; however, junctional complexes emerged in the simple columnar epithelium.  
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Pregnancy rates expected following artificial insemination  
 Many factors can influence ewe pregnancy rate resulting from artificial 
insemination including ram semen quality (fresh versus frozen), artificial 
insemination technique (vaginal, cervical, or laparoscopic), method for 
synchronization of estrus, and seasonality (breeding versus non-breeding season). 
The specific AI technique and the type of ram semen tend to influence pregnancy rate 
heavily, with fresh semen resulting in higher pregnancy rates than those obtained 
when using frozen-thawed semen, irrespective of AI technique. 
 Masoudi et al. (2017) examined pregnancy rates following vaginal, cervical, or 
laparoscopic AI, with either fresh or frozen-thawed semen. Prior to insemination, 
ewes were treated for 12 days of a CIDR (Eazi-BreedTM, CIDR®, New Zealand) and an 
injection of 500 IU eCG at CIDR removal. When ewes were inseminated with fresh 
semen, AI technique had no effect on pregnancy rate (62% (vaginal); 64% (cervical); 
and 66% (laparoscopic)). However, when frozen-thawed semen was utilized, 
laparoscopic AI had the highest pregnancy rate of 43% which was higher (P<0.05) 
than that obtained after cervical insemination 31% or vaginal AI 4%.  
 Casali et al. (2017) assessed pregnancy rates following AI via cervical, 
transcervical, or laparoscopic insemination with fresh semen. Ewes were 
synchronized for 6 days with an intravaginal silicone device (DICO®,Syntex, Bs As, 
Argentina) that contained 0.3 g progesterone. Ewes received 300 IU eCG when the 
intravaginal device was inserted and 125 µg cloprostenol when the device was 
removed. Within each AI technique, ewes were sub-divided into two groups 
(inseminated 48 or 54 hours after device removal). Within each AI technique time of 
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insemination had no effect on pregnancy rate. However, laparoscopic AI produced 
higher (P<0.05) pregnancy rates (44.1% and 56.9%, at 48 hours and 54 hours, 
respectively) than cervical AI (31.1% and 42.3%, at 48 hours and 54 hours, 
respectively) with transcervical being intermediate (32.7% and 53.1%, 48 hours and 
54 hours, respectively). 
Moses et al. (1997) compared pregnancy rates between aged ewes (3 to 7 
years old) and ewe hoggets (19 to 20 months old). Ewes were synchronized for 13 
days with a vaginal sponge containing 60 mg medroxyprogesterone acetate (MAP). 
After removal of the sponge, estrus was detected prior to performing laparoscopic AI 
with frozen-thawed semen. Pregnancy rates were higher (P<0.05) in aged ewes than 
in ewe hoggets (62.9% and 54.5%, respectively). 
Fierro et al. (2017) compared synchronization of estrus in ewes that received 
two 160 µg injections of the PGF2α analogue delprostenate administered 7, 10, 12, 14, 
or 16 days apart. Following synchronization, ewes underwent FTAI via cervical 
insemination with fresh semen. Pregnancy rates were lower (P<0.05) in ewes having 
shorter inter-treatment periods (28.8% and 30.3%, 7 and 10 days, respectively) than 
in ewes having longer inter-treatment periods (46%, 56.9%, and 56%, 12, 14, and 16 
days, respectively).  
Santos-Neto et al. (2015) synchronized ewes for 6 days using a CIDR-G (Eazi-
breed™, Pfizer, NY), DICO® (Syntex, Buenos Aires, Argentina), or MAP sponge (Syntex, 
Buenos Aires, Argentina). Ewes received 125 µg cloprostenol and 300 IU eCG when 
the intravaginal device was removed. Ewes were inseminated cervically or 
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laparoscopically with fresh semen. For ewes cervically inseminated, pregnancy rates 
were higher for ewes synchronized with CIDR-G (51.5%) or DICO® (45%) than for 
ewes synchronized with MAP (23.2%). When ewes were inseminated via laparoscopy, 
pregnancy rate was higher in ewes synchronized with DICO® (64.9%) than with MAP 
(50.5%)with CIDR-G (60.2%) being intermediate.  
Luther et al. (2007) synchronized ewes with an intravaginal sponge (FGA, 
Intervet Limited, Buckinghamshire, UK) or CIDR® (Interag, Hamilton, New Zealand) 
for 12 days. Half of the ewes within each progestin treatment received 400 IU eCG 
when the intravaginal device was removed. Pregnancy rates were higher (P<0.05) in 
ewes synchronized with a CIDR and treated with eCG (80.0%) than ewes 
synchronized with only the sponge (37.5%); other treatments were intermediate.  
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CHAPTER THREE 
INVESTIGATION INTO FACTORS POTENTIALLY INFLUENCING THE 
SUCCESS OF LAPAROSCOPIC ARTIFICIAL INSEMINATION IN SHEEP  
 
Benjamin J. Duran, Swanand Sathe, and Curtis R. Youngs 
 
Abstract 
 During the 2016 and 2017 breeding seasons, a total of 462 producer-owned 
ewes were presented at the Iowa State University large animal hospital for 
laparoscopic artificial insemination (LAI). A retrospective analysis was performed 
using these clinical data to investigate factors that potentially influence the success of 
LAI. Because not all producers provided pregnancy data, only 310 ewes were used for 
the final analysis. One hundred eighty-eight of 310 ewes (60.6%) became pregnant 
following LAI, and pregnancy rate was affected (P<0.001) by year. Uterine tone at the 
time of LAI had no effect (P>0.23) on pregnancy rate. Semen having a post-thaw 
motility rate of less than 50% produced a lower (P=0.0314) pregnancy rate (29.4%) 
than semen with post-thaw motility above 65% (pregnancy rate of 60.5%); post-thaw 
motility between 50-65% was intermediate (pregnancy rate of 54.1%). In one year, 
there was a tendency (P<0.10) for higher pregnancy rates in ewes whose estrus was 
synchronized with progesterone for 10 days (52.6%) than in ewes treated for 7 days 
(31.6%). Results of this study revealed that the degree of uterine tone observed at the 
time of LAI is not predictive of pregnancy rate and that semen post-thaw motility, as 
well as the duration of progesterone treatment during synchronization of estrus for 
LAI, can influence pregnancy outcome resulting from LAI in sheep. 
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Introduction 
 Sheep producers often use artificial insemination (AI) to improve genetics 
within their flocks (Kershaw et al., 2005). Four different AI techniques can be utilized 
in sheep including vaginal, cervical, transcervical, or laparoscopic insemination. Each 
AI technique has its advantages and disadvantages. The preferred method of AI in 
ewes depends upon the type of ram semen available (fresh, chilled, frozen) and the 
availability of skilled AI technicians.  
As a general rule, most sheep producers do not own the rams having the 
highest genetic merit within their breed of interest; nor can they afford to buy them, 
therefore, access to rams with the greatest potential to make substantial positive 
genetic change in a producer’s flock typically comes in the form of frozen semen. 
Unlike species such as cattle where industry-wide practices for semen collection and 
processing have been refined, there are no uniformly accepted methods for ram 
semen processing and freezing. Improper handling of semen during freezing and 
thawing can lead to poor post-thaw motility, and deposition of compromised semen 
closer to the site of fertilization is preferable. When using frozen-thawed ram semen 
Masoudi et al. (2017) reported higher pregnancy rates with laparoscopic (43%) and 
transcervical (31%) insemination than with vaginal (4%) insemination. However, LAI 
using fresh semen led to similar pregnancy rates irrespective of AI technique (vaginal, 
cervical, or laparoscopic). 
 To be labor efficient, laparoscopic artificial insemination (LAI) requires that 
synchronization of estrus be performed so that large numbers of ewes exhibit estrus 
at or near the time of insemination. The protocol for synchronization of estrus often 
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differs widely among sheep producers and veterinarians. For natural service during 
the breeding season, synchronization of estrus can be accomplished solely with the 
aid of a CIDR or similar device containing progesterone or a progesterone analogue. 
However, for LAI exogenous hormones are typically administered because most LAI is 
performed as a fixed-time AI (FTAI). Exogenous hormones that are commonly used to 
regulate the ewe’s estrous cycle are progesterone (CIDR), prostaglandin F2α 
(dinoprost or cloprostenol), gonadotropin releasing hormone (gonadorelin), PMSG 
(pregnant mare serum gonadotropin), and/or PG-600® (combination of eCG (equine 
chorionic gonadotropin, formerly known as PMSG) and hCG (human chorionic 
gonadotropin)). Administration of exogenous hormones to precisely regulate the time 
of estrus and/or ovulation in the ewe can be extremely beneficial as part of a LAI 
protocol. 
 The objective of this clinical, retrospective study was to elucidate factors that 
influence the success of LAI in sheep. Potential factors that might influence the 
success of LAI include the length of progesterone treatment for synchronization of 
estrus, the tone of the uterus at the time of LAI, post-thaw motility of ram semen, and 
time of year when LAI is performed (transition to breeding season or early breeding 
season).  
 
Materials and Methods 
Animals 
 Data were collected on a total of 462 producer-owned sheep that were 
presented at the Iowa State University large animal hospital for laparoscopic artificial 
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insemination during the 2016 and 2017 breeding seasons. This clinical retrospective 
analysis using existing data was exempt from approval from the Institutional Animal 
Care and Use Committee. 
 
Synchronization of estrus in ewes 
Estrus was synchronized using a protocol prescribed by the attending 
veterinarian. During this two-year study a variety of different synchronization 
protocols was utilized, and frequent changes (within and between years) to protocols 
were made in an effort to improve protocol efficacy. An overview of synchronization 
protocols is provided in Table 1.  
 
Laparoscopic artificial insemination 
 Ewes were transported by the producer/owner to the large animal hospital at 
the Iowa State University College of Veterinary Medicine in Ames, Iowa for the 
laparoscopic artificial insemination (LAI) procedure. Semen used for the LAI 
procedures was provided by the sheep producers, and sire identification and pre-
freeze semen characteristics were not always available.  
Ewes were held off feed and water for 12 hours before LAI. They were sedated 
by intravenous injection of 0.05 mg/kg xylazine hydrochloride. Once adequate 
sedation was confirmed, ewes were restrained in dorsal recumbency in a custom- 
made laparoscopic AI cradle (Sydell®, South Dakota) (see Figure 1 in Appendix). The 
fore- and hind-legs (at level of knees/hocks) were restrained by securing to bars of 
the LAI cradle. The eyes of the ewe were covered with a towel in an attempt to keep
 
 
 
Table 1. Overview of various synchronization of estrus protocols utilized during the clinical study on sheep laparoscopic 
artificial insemination. a 
 
 
a. The duration of progesterone treatment and dose of injections differed among protocols.  
b. Progesterone was administered via a sheep CIDR (Pfizer, New York, NY) insert containing 0.3 g of progesterone.  
c. PGF2α dose for all protocols was 1 cc given intramuscularly. With single injection protocols, the injection was given 
from 5 to 13.67 days after CIDR insertion. For double injection protocols, the first injection was given either at CIDR 
insertion or 40 hours prior to CIDR insertion.  
d. The dose of PG-600® varied (0.0, 1.0, 1.5, 2.0, or 2.5 cc given intramuscularly at CIDR removal).  
e. The dose of gonadorelin was either 1 or 2 cc given intramuscularly. The injections typically were given 31 to 36 hours 
after CIDR removal, with one protocol injecting gonadorelin 18 hours after CIDR removal.  
f. The dose of PMSG administered intramuscularly at CIDR removal varied from 1.5 cc (200 IU) to 2.0 cc (300 IU).
Number of 
ewes treated 
Length of 
progesterone 
treatment 
(days) b 
Number of 
dinoprost 
injections c 
Number of 
cloprostenol 
injections c 
Number of     
PG-600® 
injections d 
Number of 
gonadorelin 
injections e 
Number of 
PMSG   
injections f 
19 7 0 1 0 1 0 
22 7 0 1 1 1 0 
8 7 1 0 0 1 0 
43 7 2 0 1 1 0 
34 8 1 0 1 1 0 
35 9 0 1 0 1 1 
72 10 0 1 0 1 1 
57 10 1 0 1 1 0 
152 13 1 0 1 1 0 
20 15 1 0 1 1 0 
4
2
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the animal calm during the procedure. The belly of the ewe was shorn from the 
umbilicus to the mammary gland (see Figure 2 in Appendix). The clipped area was 
prepped for surgery by using 2% chlorhexidine scrub (see Figure 3 in Appendix) 
applied in a circular motion, starting with small circles and working into larger circles, 
ensuring a thorough scrubbing of the inguinal region to remove dirt, feces, and 
sebaceous secretions. The chlorhexidine scrub was rinsed with 70% isopropyl 
alcohol. Following sanitization, incision sites for insertion of trocars were located 
either lateral or medial to the mammary veins approximately one hand width cranial 
to the mammary gland. The incision sites were scored with a 20-gauge 1-inch needle, 
and 2 ml of lidocaine hydrochloride were injected subcutaneously at the incision site. 
The clipped area was scrubbed again with chlorhexidine and alcohol to ensure 
adequate surgical preparation. Ewes also received a long-acting antibiotic (ceftiofur 
sodium at 6.6 mg/kg) administered subcutaneously.  
After preparation, ewes were wheeled into a surgical room for the LAI procedure. 
The LAI cradle was tilted to 35 to 40˚ above the horizontal, placing the ewe in the 
Trendelenburg position (head lower than feet). A number 10 scalpel blade was used 
to create a 0.5-inch incision (see Figure 4 in Appendix) through the skin at the 
location where lidocaine had been administered. A blunt teat cannula (see Figure 5 in 
Appendix) was inserted into the abdominal cavity via the incision farther away from 
the surgeon; and air/CO2 was insufflated into the abdominal cavity via an attached 
insufflation hose (see Figure 6 in Appendix). The abdominal cavity was inflated until 
the ventral abdominal wall felt taut. A 5 mm trocar and cannula combination (see 
Figure 7 in Appendix) was inserted into the abdomen through the incision site closer
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to the surgeon, and a 5 mm 0 degree laparoscope was inserted through the cannula to 
visualize the reproductive tract and other interior organs (see Figures 8 and 9 in 
Appendix). The uterine body and uterine horns were visualized in the caudal 
abdominal region dorsal to the urinary bladder.  Once the reproductive tract was 
visualized, a second 5 mm trocar and cannula combination was inserted adjacent to 
the teat cannula. If needed, an atraumatic forceps was introduced through the cannula 
to enable gentle reposition of internal structures. 
A laparoscopic AI gun loaded with semen and protected by an outer sheath 
(IMV®, France) was inserted through the cannula and aligned with the uterine horn 
under laparoscopic guidance. The exposed insemination needle was kept as close to 
the uterine horn as possible. The needle was quickly stabbed into the uterine lumen at 
the level of mid-horn, and half of the semen was injected. The needle was removed 
and the remaining semen was injected into the opposite uterine horn using the same 
method. The laparoscope and AI gun were withdrawn from the abdominal cavity, the 
abdominal cavity was deflated, and the ewe was returned to the horizontal position. 
Skin incisions were closed with the help of a skin stapler (see Figures 10 and 11 in 
Appendix), and a water-resistant antibiotic-free aluminum-based wound spray 
(Aluspray®, Neogen®Vet, Lexington, KY) was applied to the incision site. The ewes 
were placed into a recovery pen, and most animals stood immediately or quickly 
assumed a sternal recumbent position. 
During the LAI procedure, the uterine horns were subjectively assessed for 
color and tone. A numerical score was assigned depending on the visual assessment. A 
uterine tone score of 2 denoted the uterus was a healthy dark pink (due to increased 
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blood supply) and the uterine horns were contracted and turgid (see Figure 12 in 
Appendix). A uterine tone score of 1 denoted lesser degree of tone with the uterine 
horns a bit more pale in color (see Figure 13 in Appendix). Finally, a uterine tone 
score of 0 denoted a flaccid uterus with little to no color. A single inseminator 
performed all LAI procedures and assessed uterine tone score in all ewes. 
 
Statistical Analysis 
 Analysis of variance was performed using the general linear model for 
univariate logistic regression in R 3.3.1 (the R Foundation, 2016). The dependent 
variable in the analysis was pregnancy rate obtained as a result of laparoscopic 
artificial insemination, and independent variables included uterine tone score (0, 1, 
2), ram semen post-thaw motility (<50%, 50-65%, >65%), year (2016, 2017), and 
date of LAI (before or after August 15th). Because synchronization protocols varied 
across years, analyses were conducted within a single year for the independent 
variables of type of prostaglandin F2α (dinoprost, cloprostenol), number of PGF2α 
injections (1, 2), and length of progesterone treatment used for synchronization (7, 8, 
9, 10, 13, 15 days). Two-way interactions were tested where confounding did not 
exist, and non-significant interactions were excluded from the final model. Pregnancy 
data were not submitted by producers for 152 ewes, which consequently were 
excluded from the final analysis. Probability values less than 0.05 were declared as 
significant, and tendencies were reported for P-values <0.10 but ≥0.05. 
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Results and Discussion 
 Pregnancy rates following laparoscopic artificial insemination (LAI) can be 
influenced by a variety of factors. Many sheep producers who have LAI performed on 
their ewes want to know (at the time of AI) if the ewe will become pregnant; however, 
due to the complexity of the interactions with synchronization protocols, ram semen 
quality, LAI technician and other factors, there is no precise way to predict expected 
pregnancy rate at the time of LAI. Through this research, we investigated various 
factors that could potentially affect pregnancy rate.  
We hypothesized that the degree of uterine tone that was observed at the time 
of LAI would be predictive of pregnancy rate. As antral ovarian follicles grow, 
granulosa cells proliferate and synthesize and release an increasing amount of 
estradiol-17ß (E2). This E2 affects the myometrium to increase tone of the uterus. 
During estrus (when levels of E2 are high), uterine horns of the ewe have a high 
degree of tone caused by an increase in smooth muscle contractions (Zhang et al., 
1999). After ovulation, however, systemic concentrations of E2 decline resulting in a 
concomitant decrease in uterine tone. Thus, flaccid uterine horns would be indicative 
of either a post-ovulatory ewe or a ewe that originally failed to develop sufficiently 
large antral follicles. Either type of ewe would be expected to have a lower pregnancy 
rate than a ewe in estrus. 
Pregnancy data in this clinical study were obtained only from 310 ewes. A total 
of 188 out of 310 ewes (60.6%) became pregnant following LAI in this study. Uterine 
tone score did not (P=0.242) influence pregnancy rate (Table 2). Of the 228 ewes with 
a uterine tone score of 2, 144 (63.2%) became pregnant. Similarly, of the 79 ewes 
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with a uterine tone score of 1, 44 (55.7%) became pregnant following LAI. Contrary to 
what has been observed in previous years, no ewes were observed to have a uterine 
tone score of 0 during this two-year clinical trial. The lack of uterine tone scores of 0 
suggests not only that the synchronization protocols were successful in synchronizing 
estrus but also that the timing of LAI was appropriate. Had a uterine tone score of 0 
been observed in numerous ewes, the effect of uterine tone score on pregnancy rate 
in the present study likely would have been different.  
 
Table 2. Pregnancy outcome in ewes whose uterine tone score at the time of 
laparoscopic AI (LAI) was a score of 1 or a 2. 
Pregnancy  
Outcome 
Uterine tone score† 
1 2 
Pregnant 
44/79 
(55.7%) 
144/228 
(63.2%) 
Non-Pregnant 
35/79 
(44.3%) 
84/228 
(36.8%) 
† a uterine tone score of 1 signijies moderate uterine tone at the time of LAI; a uterine 
tone score of 2 signifies strong uterine tone at the time of LAI. 
 
 
Uterine tone was assessed based on the rigidity of the uterus in addition to its 
color. Estradiol-17β (E2) increases vascularity and blood flow through the elongation 
of spiral arteries and dilation of blood vessels (Ojeda, 2004; Zhang et al., 1999). 
Dilation of blood vessels is caused by the production of nitric oxide (NO) due to an 
increase in NO synthase. Because the synchronization protocols were effective in 
synchronizing estrus, there was an increase in E2 produced by ovarian follicles. 
Additionally, the tone of the uterus is affected by E2 through its action to cause an 
increase in the cell height of cuboidal cells in the endometrium (Murray, 1992).  
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Post-thaw motility of ram semen affected pregnancy rate. Ewes inseminated 
with semen possessing post-thaw motility of less than 50% had a lower (P=0.0314) 
pregnancy rate than ewes inseminated with semen exhibiting post-thaw motility rates 
above 65% (Table 3). Our results agree with those published by Masoudi et al. (2017) 
where progressive post-thaw motility affected pregnancy rate following different 
insemination methods (with LAI resulting in higher pregnancy rates than other 
insemination methods).  
 
Table 3. Pregnancy outcome based on post-thaw motility of ram semen used for 
laparoscopic artificial insemination. 
 
Pregnancy 
Outcome 
Ram semen post-thaw motility (%) 
<50% 50-65% >65% 
Pregnant 
5/17 
(29.4%)a 
53/98 
(54.1%)ab 
26/43 
(60.5%)b 
Non-Pregnant 
12/17  
(70.6%) 
45/98 
(45.9%) 
17/43 
(39.5%) 
Means within a row possessing unlike superscripts were different (P<0.05).  
 
Pregnancy rates were different (P=0.0002) between the two years that the LAI 
procedure was performed. In 2016, 69.4% (127 of 183 ewes) became pregnant as a 
result of LAI, whereas in 2017 only 48.0% (61 of 127 ewes) became pregnant due to 
LAI (Table 4). Palacios and Abecia (2015) reported that pregnancy rates within the 
same season (spring, summer, autumn, and winter) differed between years. Those 
results are in agreement with our findings in this study. We speculate that the lower 
pregnancy rate observed during the 2017 breeding season was due to higher than 
normal ambient temperatures in the post-insemination period that likely adversely 
affected embryo survival. 
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Table 4. Pregnancy outcome based on year laparoscopic artificial insemination was 
performed. 
 
Pregnancy 
Outcome 
Year 
2016 2017 
Pregnant 
127/183 
(69.4%)a 
61/127 
(48.0%)b 
Non-Pregnant 
56/183 
(30.4%) 
66/127 
(52.0%) 
Means within a row possessing unlike superscripts were different (P<0.05).  
 
The time of the year when the LAI procedure was performed did not affect 
(P=0.164) pregnancy rate. 130 of 205 ewes (63.4%) inseminated prior to August 15th 
became pregnant due to LAI, whereas 58 out of 105 ewes (55.2%) inseminated after 
August 15th became pregnant following LAI. Additionally, the month of the year when 
the LAI procedure was performed (July, August, or September) did not affect 
(P=0.506) the pregnancy rate. Our results differ somewhat from those published by 
Palacios and Abecia (2015) who reported a tendency for pregnancy rate to differ 
between various seasons of the year. 
The type of prostaglandin F2α product (dinoprost or cloprostenol) used in the 
synchronization of estrus protocols during 2017 did not affect (P=0.344) pregnancy 
rate. Therefore, when synchronizing estrus in sheep for LAI, a producer can 
confidently use either dinoprost or cloprostenol in the synchronization protocol. This 
result is similar to that reported in cattle where no differences in efficacy were 
reported between dinoprost and cloprostenol (Stevenson and Phatak, 2010). In 
addition, the number of PGF2α injections utilized during synchronization of estrus in 
2016 did not affect (P=0.344) pregnancy rate. The incorporation of prostaglandin F2α 
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into a synchronization protocol has been shown previously to effectively synchronize 
estrus (Contreras-Solis et al., 2009; Olivera-Muzante et al., 2011a; Olivera-Muzante et 
al., 2011b; Fierro et al., 2017; Sözbílír et al., 2006; de Carvalho Menezes de Almeida et 
al., 2018).  
Length of progesterone treatment during synchronization of estrus in 2016 did 
not affect (P=0.2360) the proportion of ewes that became pregnant as a result of LAI. 
In contrast, the length of progesterone treatment during synchronization of estrus in 
2017 tended (P=0.0675) to affect the proportion of ewes that became pregnant (Table 
5). Ewes treated with progesterone for 7 days tended to have a lower pregnancy rate 
(31.6%) than ewes that received progesterone treatment for 10 days (52.6%) with 8 
days (36.4%) being intermediate. The poorer efficacy of the 7-d progesterone 
treatment may have resulted from some ewes still possessing a viable corpus luteum 
(CL) at the cessation of progesterone treatment. The diestrus period of the estrous 
cycle of the ewe varies among breeds. Rivandra et al. (1994) reported the lifespan of 
the CL in western white-faced crossbred ewes was 8 days, whereas Bazer et al. (2012) 
reported that the uterus releases PGF2α on the 13th and 14th day terminating luteal 
function (suggesting a CL lifespan of 10 days). Based on the duration of diestrus, 
progesterone treatment for 8 or 10 days theoretically would more closely mimic the 
normal estrous cycle and should result in higher pregnancy rates; however, this 
speculation was not supported by results obtained in the present study.  By increasing 
the length of progesterone treatment to 10 days, pregnancy rate increased. Our 
results are similar to those of Luther et al. (2007) who examined pregnancy rates 
following progesterone treatment (CIDR) for 12 days with or without the addition of 
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eCG. Additionally, Masoudi et al. (2017) showed that a 12-day treatment of 
progesterone (CIDR) resulted in a similar pregnancy rate to that obtained during the 
current study. Furthermore, when the length of progesterone treatment was 
shortened to 6 days pregnancy rate in one study fell to 51.5% (Santos-Neto et al., 
1995). The decline in pregnancy rate observed in ewes receiving a short duration 
treatment of progesterone may be explained by the fact that the ewe may have 
remained in diestrus, and the endogenous CL was still functioning and producing P4.  
 
Table 5.  Pregnancy outcome, during 2017, in ewes whose estrous cycle was 
synchronized with exogenous progesterone for a varying number of days 
prior to laparoscopic artificial insemination. 
 
Pregnancy 
Outcome 
Duration of progesterone treatment 
(days) 
7 8 9‡ 10 
Pregnant 
6/19 
(31.6%)a 
4/11 
(36.4%)ab 
- 
51/97 
(52.6%)b 
Non-
Pregnant 
13/19 
(68.4%) 
7/11 
(63.4%) 
- 
46/97 
(47.4%) 
‡ No pregnancy data were reported by farmers for ewes treated for 9 days with 
exogenous progesterone. 
Unlike superscripts within a row signify a tendency (P<0.1) due to treatment.  
 
Our hypothesis that uterine tone at the time of LAI would influence pregnancy 
rates was not supported by data gathered during this clinical trial; however, the 
results could have been different if all three uterine tone scores had been observed 
among ewes in the study. As expected post-thaw motility of ram semen tended to 
influence pregnancy rate. Sheep producers now have additional evidence of factors 
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that increase pregnancy rate following LAI and can consider these factors when 
designing protocols for LAI. 
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CHAPTER FOUR 
GENERAL CONCLUSIONS 
The clinical research study described in this thesis provides additional 
information pertaining to laparoscopic artificial insemination (LAI) in sheep. The 
research represents a continuing effort to better understand the factors that 
influence pregnancy rate following LAI in sheep. There are many factors that could 
potentially influence pregnancy rate including length of progesterone treatment and 
type of prostaglandin F2α product used for synchronization of estrus, ram semen 
quality, the time of year when LAI is performed (breeding season versus non-
breeding season), and uterine tone observed at time of LAI.  
By examining potential influences on pregnancy rate in sheep following LAI, 
we determined that uterine tone at the time of LAI had no effect on pregnancy rates; 
however, the length of the progesterone treatment during synchronization tended 
to increase pregnancy rate in 2017. Furthermore, post-thaw motility of ram semen 
also influenced pregnancy rate significantly.  
Due to the complex nature of factors influencing pregnancy rates following 
LAI in sheep, controlled research trials are needed to explicate additional factors 
that could be influencing the outcome. Further studies should be conducted 
involving ewes possessing a wider range of uterine tone to elucidate if uterine tone 
at time of LAI can be predictive of pregnancy rates. It is possible that uterine tone 
influences pregnancy rate if all three uterine tone scores are observed during the 
same LAI study.  
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Sheep producers could benefit from this study because it provides evidence 
that length of progesterone treatment during synchronization of estrus tended to 
influence pregnancy rates in 2017. They can also benefit from knowing that there is 
no difference in efficacy of dinoprost versus cloprostenol. Producers can use this 
information in their breeding programs to increase the number of ewes becoming 
pregnant after LAI. By simply avoiding short-term progesterone treatment, the 
percentage of ewes becoming pregnant from LAI could be increased.  
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APPENDIX 
 
IMAGES OF THE EQUIPMENT AND PROCEDURE FOR LAPAROSCOPIC 
ARTIFICIAL INSEMINATION IN SHEEP  
 
 
  
 
Figure 1. Custom-made laparoscopic AI cradle (Image courtesy of Swanand Sathe, 
DVM). 
 
 
Figure 2. Shearing the abdominal region 
cranial to the mammary gland. 
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Figure 3. Sanitizing the clipped 
region of the abdomen and the 
inguinal gutters. 
 
Figure 4. A 0.5-inch incision in the 
skin caudal to the umbilicus made 
using a scalpel. 
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Figure 5. Teat 
cannula used for 
insufflation. 
Figure 6. Air pump used for 
insufflation of the abdominal cavity 
through a hose and teat cannula.  
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Figure 7. Trocar and cannula used 
during laparoscopic artificial 
insemination of the ewe. The trocar 
is on the right, and the cannula is 
on the left. The trocar resides 
inside the cannula. 
Figure 8. The 5 mm trocar and cannula are 
inserted through the 0.5-inch incisions, and 
the insufflation hose attached to the blunt 
teat cannula, are inserted into the 
abdominal cavity.  
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Figure 9. Laparoscope (0˚) used to view internal organs of the ewe during 
laparoscopic artificial insemination. 
Figure 10. Skin stapler 
used to close the 
incisions after 
completion of 
laparoscopic artificial 
insemination in the ewe. 
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Figure 11. Applying 
skin staples to the 
incisions after the 
laparoscopic AI 
procedure is 
completed.  
Figure 12. Internal view 
of the uterine horns 
showing a uterine tone 
score of 2 (Image 
courtesy of Swanand 
Sathe, DVM). 
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Figure 13. Internal view of the uterine horn 
showing a uterine tone score of 1 (Image courtesy 
of Swanand Sathe, DVM). 
